Advances in genetics have increased our ability to assess an individual's genetic risk for disease. There is a hypothesis that genetic test results will motivate high-risk individuals to reduce harmful exposures, to increase their surveillance for disease, or to seek preventive treatments. However, genetic testing for genes associated with an increased risk of lung cancer would not change physicians' recommendations regarding smoking cessation. Limited studies suggest that test results that demonstrate an increased risk of lung cancer do not improve smoking cessation success. These test results may even distort an individual's risk perceptions. Before recommending genetic testing to assess risk for disease, physicians need to consider whether knowledge about genetic susceptibility will alter patient management.
O
ur advancing knowledge about the human genome will allow us to test individuals for increased genetic susceptibility to a variety of diseases. Genetic testing could encourage high-risk individuals to reduce their harmful exposures, to increase their surveillance for early disease, or to consider preventive therapy. 1 As an example, women who have BRCA 1 and 2 mutations have an increased lifetime risk of breast cancer as high as 85% compared to that of 12% in the general population of women. In addition to the recommendations for women in general, these highrisk women have been advised to avoid hormonal replacement therapy, to undergo annual mammography and annual or semiannual clinical breast examinations beginning at age 25 to 35 years, to consider prophylactic bilateral mastectomy, 2 or to consider use of Tamoxifen as a chemo preventive agent. 3, 4 The information from genetic testing could also provide women with a strong family history of breast cancer with more accurate assessments of their personal risk of cancer, and reduce their uncertainty, 5 although such testing must be combined with skilled preand post-test counseling.
Identifying genetic susceptibility in other circumstances, however, may not have this potential clinical value, and may actually contribute to inaccurate perceptions of risk. The health care community should assess whether information from genetic testing would actually change the clinical recommendations of the health care provider, or the behavior of an individual to be tested, before these tests are used to estimate an individual's risk. To explore this, we consider the specific situation of using genetic testing to determine whether an individual is at increased risk of lung cancer from smoking.
EVIDENCE FOR GENETIC FACTORS AS A DETERMINANT IN LUNG CANCER RISK
Smoking is estimated to cause 87% of all lung cancers in the United States, including 90% of the cases in men and 79% of the cases in women. 6 However, the cumulative incidence of lung cancer is only 14% in males who smoke more than a pack a day of cigarettes and survive to age 74. 7 Thus, lung cancer is the cause of death in only a minority of cigarette smokers, suggesting that there are host-specific factors that influence susceptibility to lung cancer, not unlike many human diseases. Multistage models of carcinogenesis provide a conceptual framework for understanding the associations of lung cancer incidence with smoking intensity, duration, and smoking cessation. 8 These models propose that carcinogens derived from chemical components in tobacco smoke react with the DNA of respiratory epithelial cells. Some of the carcinogens initiate mutagenic changes while others promote the growth of these mutated cells or disable genes that suppress tumor growth. Mutagenesis, growth promotion, and inhibition of tumor suppression may all be necessary for clinically evident cases of lung cancer to develop. This may explain the salutary effects of smoking cessation on lung cancer incidence even after years of tobacco use. Procarcinogens in tobacco smoke must be metabolically transformed in order to exert their carcinogenic effect. 9 At the same time, other enzymes detoxify these chemicals into inactive compounds, thus creating a dynamic equilibrium of carcinogen concentration in lung tissues for any given level of tobacco smoke inhalation. The presence of an unfavorable or favorable gene allele does not change the probability of lung cancer in an individual to the extremes of either zero or one hundred percent. Uncertainty persists; the added information from genetic testing only changes the likelihood of lung cancer by some degree in one direction or the other. For example, since the slow-metabolizer genotype frequency in the population is only 6.4%, 10 
KNOWLEDGE ABOUT GENETIC RISK AND BEHAVIOR CHANGE
The behavior change recommended for smokers with genes that increase cancer susceptibility is very clear and unequivocalÐsmoking cessation. Switching to low-tar cigarettes does not reduce risk, so this is not a valid option. 13 Numerous observational studies utilizing both case-control and cohort designs demonstrate that smoking cessation decreases the risk for lung cancer by 20% to 90% compared to current smokers, depending on the duration of abstinence. 8 Those who are abstinent for 15 years have a 90% risk reduction, but their risk remains higher than that of never smokers. 8 Physicians may expect that telling people that they have an increased genetic risk for lung cancer would increase their rate of smoking cessation. The effect of knowledge about genetic risk on health behavior, however, is complex and uncertain. There is only limited evidence of increased motivation, and no evidence of successful behavior change in the few studies that observed individuals who were told that they have increased genetic risk.
14±16 This information may actually reduce motivation because it may induce a sense of powerlessness and fatalism. 5, 17 Smokers informed that they had an unfavorable genetic polymorphism might be expected to have heightened perceived risk and emotional responses that would increase motivation to quit. 18 Investigators tested this hypothesis in a randomized controlled study that randomly assigned 427 smokers to 1 of 3 cessation treatments: minimal counseling, minimal counseling plus biofeedback on exhaled carbon monoxide, and minimal counseling plus biofeedback plus genotyping for CYP2D6. 15, 16 Those smokers who had the extensive metabolizing genotype were told:
Because of your genetic make-up, you have the ability to activate chemicals in tobacco smoke into very dangerous cancer-causing substances. This means that your risk for getting lung cancer is not only higher than nonsmokers, but also may be higher than other smokers who do not have the same genetic make-up.
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The 11 smokers who were homozygous for the lowsusceptibility (poor metabolizer) CYP2D6 allele were excluded from the analysis, but still underwent treatment. They were told:
You do not have the ability to activate specific chemicals in tobacco smoke. However, you may still be at risk for lung cancer because your body may be able to use other ways to activate cancer-causing chemicals.
The smokers with increased susceptibility in the genetic feedback group were more than twice as likely to make quit attempts than those in the other treatment groups (OR, 2.13; 95% CI, 1.13 to 4.01), but were no more successful at long-term quitting. Similar negative results were recently reported in a study that randomized currently smoking low-income African Americans to free nicotine replacement therapy and self help material with or without genetic testing. 19 There was no significant difference in the 12-month cessation rates between the 2 groups.
SCREENING AND EARLY INTERVENTION STRATEGIES
Attempts to detect early lung cancer by using chest radiographs with or without sputum cytology were not successful in improving the outcome from lung cancer in several randomized controlled trials. 20 
PUTTING THE RISK FOR LUNG CANCER IN PERSPECTIVE
Physicians need to help patients put the perception of risk from lung cancer, regardless of the results of genetic testing, into proper perspective. People who smoke tend to focus on their risk of lung cancer because they associate lung cancer with more dread, or they have been told they have a 10-to 20-fold greater risk for lung cancer than do nonsmokers. Current smokers need to know that there are many ways that smoking can kill them besides lung cancer, including cardiovascular disease, cerebrovascular disease, chronic lung diseases, and primary cancers of other organs. A 45-year-old man who smokes is more likely to die from premature cardiovascular disease than from lung cancer. 26 The inaccurate perception that the risk of lung cancer exceeds that of cardiovascular disease is related to misunderstanding the differences between absolute risks, relative risks, and risk differences. The absolute risk is the risk of death in a population of people over a given period of time. A relative risk gives the magnitude and direction of change in disease incidence in those who have an exposure, expressed as multiples of the baseline risk of those not exposed. Because the absolute risk for lung cancer is very low in nonsmokers, the relative risk in those who do smoke is quite high, even though only about 14% of those smoking more than a pack a day die of lung cancer. The absolute risk of cardiovascular deaths in nonsmokers is, by contrast, quite high ( Table 1 ). The risk difference (excess deaths related to smoking) is defined as the difference in death rate in those exposed as opposed to those not exposed. Smoking increases the relative risk of cardiovascular disease and sudden death by only 2-to 4-fold, as opposed to the 10-to 20-fold increase risk of lung cancer. However, since the baseline absolute risk of death from cardiovascular disease in nonsmokers is high, multiplying this death rate by the relative risk of 2 to 4 makes the excess number of deaths from cardiovascular disease much higher than the excess number of deaths due to lung cancer from smoking.
Mattson et al. calculated the absolute risks of death in men from lung cancer, cardiovascular disease, and all causes for light smokers, heavy smokers, former smokers, and nonsmokers using aggregate data from the National Health Interview Survey and from the U.S. Veterans Study. 26 Their calculations of absolute risk (deaths per 100,000) for 45-to 54-year-old males are reproduced in Table 1 . In 45-to 54-year-old men who smoke about a pack a day (<25 cigaretts/day) the risk difference for death from all causes compared to nonsmokers is 533.8 per 100,000. (For those who smoke z25 cigarettes/day, the risk difference rises to 962.4 per 100,000.) Lung cancer accounts for only 60 of these excess deaths per 100,000. By contrast, coronary heart disease accounts for 253.2 of the excess deathsÐmore than 4 times that for lung cancer. Physicians should also acknowledge that smoking reduces health-related quality of life and can have adverse health impacts on family members. Exposure to environmental tobacco smoke (second-hand smoke) increases the frequency of respiratory tract disorders, including infection, 27 asthma, 28 and sudden infant death syndrome. 29 Cigarette smoke may also increase a spouse's risk of developing lung cancer 30 and cardiovascular disease. 31 
THE HEALTH BENEFITS OF QUITTING
Physicians should convince their patients who smoke that smoking cessation would reduce their risk of dying from a smoking-related cause regardless of the genetic testing results. The risk of death for former smokers from all causes is almost half that of current pack-a-day smokers (518.2/923.4 or 56%), although it still exceeds that of nonsmokers ( Table 1 ). The estimated absolute risk reduction associated with smoking cessation is 405.2 deaths per 100,000. This is calculated by subtracting the death rate from all causes in former smokers from the death rate from all causes in current smokers, or 923.4 À 518.2 per 100,000.
These data and this estimate reflect the current mixture in the population of underlying genetic susceptibility for disease. The risks for individuals with a CYP2D6 slow-metabolizer genotype may be expected to have a relatively lower risk of getting lung cancer, and consequently, their relative benefits from smoking cessation 
THE VALUE OF GENETIC TESTING FOR LUNG CANCER RISK FROM SMOKING
In the case of lung cancer risk assessment, the value of information from genetic testing for CYP2D6 or any gene allele associated with lung cancer is relatively limited because the recommendation to a current smoker who undergoes testing remains the same regardless of the resultsÐadvise them to quit, assist them in their quit attempt with counseling and pharmacotherapy, and arrange follow-up for cessation attempts. No additional screening or chemo-preventive agents are, at this time, indicated.
Physicians can be effective agents for health behavior change because they see 70% of the 46.5 million current smokers in the United States each year. Even if a physician's brief advice increases the long-term quit rate by only an additional 2% per year, this translates into 930,000 additional former smokers each year. Physician smoking cessation interventions compare favorably with almost any other physician intervention estimated in economic analyses, 32 with a cost of $3,539 per life-yearsaved. By comparison, screening for hypertension costs $23,335 per life-year-saved. 32 It is a challenge to help current smokers perceive the health risks of smoking accurately. Smokers tend to selectively retain information that reduces the tension of continuing a valued and enjoyed habit that is also hazardous. 33 After all, smoking is performed many times a day without immediate adverse health consequences, and smoking enhances the subjective sense of well-being temporarily by reducing anxiety and withdrawal symptoms. These experiences may distort the perceived risk so that it is lower than the actual risk. 34 Genetic test results that indicate a reduced risk of lung cancer may further distort an individual's falsely low perceived risk. Results that suggest an individual has an increased risk may be wrongly interpreted to imply inevitability, reducing the motivation to quit. 35 At present, there is no information on whether a test result that implies a decreased lung cancer risk will reduce the number of subsequent quit attempts by current smokers. If testing does reduce quit attempts, it could actually have adverse health effects.
WHEN IS GENETIC TESTING INDICATED FOR PREVENTION?
The Genetics Working Group of the Centers of Disease Control and Prevention listed 8 issues to consider when developing policies for genetic testing in disease prevention ( Table 2) .
1 By these criteria, genetic testing for lung cancer risk might be appropriate if there were an accurate, reasonably priced test. First, lung cancer has a major public health impact that will cause an estimated 154,900 deaths in the United States in 2002. 36 Second, the genotype of increased risk is prevalent, with 90% to 95% of the population having the genotype associated with increased risk. Laboratory quality issues (the third criterion) and cost (the seventh criterion) are difficult to address, because genotyping for CYP2D6 is not clinically available.
The magnitude of the association of the genotype and lung cancer (the fourth criterion) has not been prospectively verified. Although case-control studies observed a 2-fold increase in risk for lung cancer with the high-risk phenotype, genotyping was not done, and therefore these studies could not determine whether the genotype is associated with lung cancer. Smoking cessation is available as a preventive method since smoking is known to be a modifiable risk factor for disease (criteria 5 and 6). However, the relationship of this modifiable risk factorÐsmokingÐto other diseases with major public health impact is missing from these criteria. If Reprinted with permission from the American Public Health Association.
1 the risk of a modifiable risk factor is far greater than the risk conferred by a genetic factor, then the value of genetic testing is low. This would be true even in the hypothetical situation in which genotyping was accurate (criterion 3), associated with lung cancer risk in prospective studies (criterion 4), and inexpensive (criterion 7). In our example, genetic testing does not change our uncompromising recommendationÐto advise patients not to smoke regardless of the genetic test results. In other selected diseases, genetic testing can provide highly valuable information. When a test does have the potential for benefit, then a physician's recommendations for testing must weigh ethical, legal, and social issues (criterion 8), such as cost, confidentiality, access to testing, and appropriate follow-up care. If the patient believes that the test information would be of value to them irrespective of the larger societal issues, then health care providers should carefully consider testing on a case-by-case basis.
Physicians need to consider the value of the information from a genetic test before recommending that test to patients. From an ethical, legal, and societal perspective, it is difficult to support testing that has no demonstrated positive effect on health outcomes. If genetic testing will not alter patient management, then recommending this testing may not be appropriate medical care.
